Blood pressure abnormalities are frequently observed in patients with Parkinson's disease (PD), and are associated with cerebrovascular diseases such as white matter hyperintensities and carotid atherosclerosis. We assessed the relationship between blood pressure abnormalities and cerebral microbleeds (CMBs), a marker of cerebral small vessel disease, in 128 patients with PD. We examined supine and orthostatic blood pressures and used 24-hour ambulatory blood pressure monitoring to assess the presence or absence of orthostatic hypotension (OH), supine hypertension (SH), nocturnal hypertension (NH), and loss of nocturnal blood pressure dips (nondipping). CMBs were found in 13 (10.2%) patients, and the median number of CMBs was 1 (range: 1 to 10). Six of these patients had deep or infratentorial CMBs, six had strictly lobar CMBs, and one had mixed CMBs. Linear regression analysis indicated that presence of both OH and SH was independently associated with greater numbers of CMBs in deep or infratentorial regions, independent of age, sex, cardiovascular risk factors, and white matter hyperintensities. NH and non-dipping were not associated with CMBs in deep or infratentorial regions, and there was no association between blood pressure and CMBs in lobar regions. Our results suggest that the presence of both OH and SH may be related to deep or infratentorial CMBs in patients with PD.
Introduction
Blood pressure abnormalities are common in Parkinson's disease (PD), and may manifest as orthostatic hypotension (OH), supine hypertension (SH), nocturnal hypertension (NH), or loss of nocturnal blood pressure dips (non-dipping), all of which frequently coexist [1] . In patients with PD, these blood pressure abnormalities are associated with cerebrovascular diseases, such as white matter hyperintensities [2] [3] [4] and carotid artery atherosclerosis [5] .
Cerebral microbleeds (CMBs) are small round hypointense lesions seen on T2*-weighted magnetic resonance imaging (MRI) [6] , and are associated with cognitive impairment [7] and recurrence of both ischemic and hemorrhagic stroke [8] . Histopathological studies indicate that CMBs represent previous extravasation of blood and are related to bleeding-prone microangiopathy [9] . Deep or infratentorial CMBs are associated with hypertension, while lobar CMBs reflect the presence of cerebral amyloid angiopathy [10, 11] . CMBs have mainly been studied in the general population, in patients with stroke, and in those with Alzheimer's disease [12] , while few studies have investigated CMBs in patients with PD [13] [14] [15] . Nevertheless, it has been reported that CMBs occur more frequently in patients with PD with dementia compared to those without dementia. Indeed, patients with PD with CMBs have been found to have a poorer performance in the attention domain compared with those without CMBs [13] . Furthermore, comprehensive neuropsychological evaluation showed no significant association between the presence of CMBs and cognitive function in patients with PD without dementia [14] . We previously reported that OH is associated with deep or infratentorial CMBs in patients with PD [15] . However, whether coexisting SH, NH, or non-dipping is related to CMBs remains unanswered. Here, we evaluated supine and orthostatic blood pressure and used 24-hour ambulatory blood pressure monitoring (ABPM) in patients with PD to assess the relationship between blood pressure abnormalities and CMBs.
Patients and methods

Study population
We enrolled patients diagnosed with PD according to the U.K. Parkinson's disease Society Brain Bank criteria [16] . Participants were recruited consecutively between January 2014 and September 2016 from the Department of Neurology at Juntendo University School of Medicine. One hundred and forty-three patients underwent blood pressure measurements and brain MRI. Three patients were excluded due to unreliable ABPM data and twelve were excluded due to incomplete blood pressure evaluations. Therefore, 128 patients with PD were examined in the present study.
We collected clinical information regarding age, sex, disease duration, current medications, body mass index, laboratory data, hypertension, and diabetes mellitus. We also determined whether the patients had histories of stroke, coronary artery disease, or cigarette smoking. Hypertension was defined as a systolic blood pressure (SBP) ≥ 140 mm Hg, a diastolic blood pressure (DBP) ≥ 90 mm Hg in the sitting position, or treatment with antihypertensive medications. Diabetes mellitus was defined as a fasting blood glucose level ≥ 126 mg/dL, a glycated hemoglobin level ≥ 6.5%, or the use of insulin or oral hypoglycemic agents. Subjects were considered current smokers if they had smoked at least one cigarette per day within the previous year. The mean levodopa equivalent daily dose was calculated for each participant [17] . This study was approved by the Institutional Review Board of Juntendo Hospital. Informed consent was obtained from all patients.
Blood pressure measurements
OH and SH were assessed using the Schellong test. Patients were studied after they had rested in the supine position for 15 min. The patients' blood pressure and heart rate were measured in the supine position, and then measured in the upright position using an electronic sphygmomanometer (ES-H55 or ES-H55B, Terumo). OH was defined as a fall in SBP ≥ 20 mm Hg, or a fall in DBP ≥ 10 mm Hg within 3 min after rising from a supine to a standing position according to the consensus statement [18] . SH was defined as SBP ≥140 mm Hg or DBP ≥ 90 mm Hg according to the criteria of the American Heart Association [19] .
ABPM was performed using an FB-270 device (Fukuda Denshi) every 30 min throughout the day (7:00 AM to 10:00 PM), and every 60 min during the night (10:00 PM to 7:00 AM). Mean SBP, DBP, and heart rate during the daytime, nighttime, and over a 24-hour period were evaluated. Nocturnal BP dip (%) was calculated as (mean daytime SBP -mean nighttime SBP) / mean daytime SBP × 100. Patients with < 10% nocturnal fall in mean BP were considered "non-dippers" according to the consensus guideline [20] . NH was defined as an average nighttime BP ≥ 120/70 mm Hg according to the 2007 European Hypertension Society/European Cardiology Society guidelines [21] .
MRI protocol and assessment
Brain MRI was performed using a 3.0 T MR system (GE Healthcare, Discovery MR750w). The whole brain was scanned at a slice thickness CMBs were defined as small, homogeneous, round foci of low signal intensity on T2*-weighted images with diameters < 5 mm. Basal ganglia calcification and vascular flow voids were excluded. The Microbleed Anatomical Rating Scale [22] was used to guide this process and identify the locations of the CMBs. Deep and periventricular white matter hyperintensities were graded from zero to three according to the method described by Fazekas et al. [23] . Periventricular hyperintensities of grade 3 or deep white matter hyperintensities of grade 2 or 3 were defined as advanced white matter hyperintensities [24] . The images were analyzed by a trained observer who was blind to the patients' clinical data.
Statistical analysis
Continuous variables were compared using Student's t-tests or Mann-Whitney U tests, as appropriate. The frequencies of categorical variables were compared using χ 2 tests. We performed linear regression analysis to assess the relationship between the number of CMBs and blood pressure abnormalities. Models were adjusted for age and sex (model 1), and additionally adjusted for hypertension, diabetes mellitus, history of stroke, antiplatelet treatment, and the presence of advanced white matter hyperintensities (model 2). The statistical analyses were performed using JMP Version 12.0 software (SAS Inc. Cary, NC, USA). P-values < 0.05 were considered to be statistically significant.
Results
One-hundred and twenty-eight patients with PD (mean age, 64.4 ± 9.7 years; 56 males) were included in this study. The mean duration of motor symptoms was 10.7 ± 6.0 years, and the mean Hoehn and Yahr stage score was 2.9 ± 0.9. The clinical characteristics of patients according to the presence of CMBs are shown in Table 1 . Thirteen patients (10.2%) had CMBs, in whom the median number of CMBs was 1 (range: 1 to 10). Six of these patients had deep or infratentorial CMBs, six had strictly lobar CMBs, and one had mixed CMBs.
Of the total 128 patients, 60 patients (46.9%) had OH and 20 patients (15.6%) had SH ( Table 2 ). In patients with OH or SH, the mean ages were higher in those without such blood pressure abnormalities. The frequency of diuretic use was significantly higher in patients with OH than in those without OH. SH was found in 26.7% of patients with OH. Forty-four patients (34.3%) had OH only, four had SH only (3.1%), and sixteen (12.5%) had both OH and SH. Among the patients with SH, 80% of patients had OH. Mean SBP and DBP levels were higher in patients with OH or SH than those without, at daytime, nighttime, and over the entire 24-hour period. However, the frequencies of NH and non-dippers were not different between these groups.
On ABPM, 80 patients (62.5%) had NH and 96 patients (75.0%) were non-dippers (Table 3) . Mean age was similar between patients with and without NH and non-dipping. In patients with NH, mean supine SBP and DBP levels were higher, and the magnitude of the fall in SBP levels during orthostasis was greater compared to those without NH. The frequencies of OH and SH were, however, not different between patients with NH and those without NH.
The results of blood pressure measurements according to the presence of CMBs are shown in Table 4 . Mean supine (p = 0.03), 24-hour (p = 0.02), and daytime (p = 0.02) SBPs were higher in patients with CMBs than in those without CMBs. When we divided the patients into groups based on CMB location, the magnitudes of the falls in SBP (p = 0.02) and DBP (p = 0.02) during orthostasis were greater in patients with deep or infratentorial CMBs than in those without deep or infratentorial CMBs. When the patients were classified into 4 groups according to the presence or absence of OH and SH (non-OH and non-SH group, OH-only group, SH-only group, and both OH and SH group), the prevalence of these groups was significantly different between patients with deep or infratentorial CMBs and those without deep or infratentorial CMBs (p = 0.01). The mean 24-h SBP (p = 0.03), daytime SBP (p < 0.01), and daytime DBP (p = 0.02) were higher in patients with deep or infratentorial CMBs than in those without deep or infratentorial CMBs. There was no difference in the prevalence of non-dipping or NH between patients with and without CMBs at any location.
When CMBs were examined as a function of blood pressure abnormalities, the prevalence of any CMBs and that of deep or infratentorial CMBs were significantly higher in patients with both OH and SH than in others (p < 0.05). However, the prevalence of CMBs was not significantly different between patients with OH only and others (Fig. 1) .
Using linear regression analysis, we found that supine SBP and the presence of both OH and SH were significantly correlated with an increased CMB count in any region (p < 0.05 and p < 0.01, respectively), and in deep or infratentorial regions (p < 0.05 and p < 0.01, respectively), but not in lobar regions (Table 5 ). The presence of both OH and SH remained significant after adjustment for age and sex (Table 5 , model 1, p < 0.05). Additional adjustments for hypertension, diabetes mellitus, a history of stroke, antiplatelet treatment, and coexisting advanced white matter hyperintensities did not affect this association (Table 5 , model 2, p < 0.05).
Discussion
Here, we demonstrated that the presence of both OH and SH is associated with increased CMB count in deep or infratentorial regions, independently of age, sex, cardiovascular risk factors, and coexisting cerebrovascular disease. However, NH and non-dipping, as assessed by ABPM, were not associated with CMBs. Furthermore, there were no associations between any blood pressure abnormalities and CMBs in lobar regions. Recent research has suggested a negative impact of blood pressure abnormalities on the cerebrovascular system in patients with PD. For instance, the presence of OH, SH, or both have been associated with advanced white matter lesions [2] . Furthermore, orthostatic blood pressure changes and supine blood pressure [3] , and the presence of NH and nighttime SBP [4] , have been found to be positively correlated with the severity of white matter lesions. In addition, increased intima media thickness of the carotid artery has been associated with OH, SH, and supine and overnight blood pressure [5] .
It has been suggested that autonomic dysfunction might share some Fig. 1 . Prevalence of cerebral microbleeds. CMBs, cerebral microbleeds; NH, nocturnal hypertension; OH, orthostatic hypotension; SH, supine hypertension. *p < 0.05.
Table 5
Linear regression analysis for blood pressure components in relation to CMBs count. pathophysiological aspects with target organ damage in essential hypertension [25] . SH is associated with left ventricular hypertrophy [26] and renal impairment [27] in patients with primary autonomic failure. Our study showed that OH was associated with deep or infratentorial CMBs in combination with SH, but not when it existed alone. These findings indicate that cerebral hypoperfusion by OH alone is not sufficient to cause deep or infratentorial CMBs, and that SH contributes to the development of such lesions. This is consistent with evidence that deep or infratentorial CMBs may reflect hypertensive microangiopathy in general [9] [10] [11] [12] . In our study, it was not possible to analyze the relative contributions of OH and SH to CMBs separately because most patients with SH (85%) had coexisting OH. Whether SH alone is sufficient to cause CMBs thus remains unknown. However, it should be noted that vasodilation of cerebral vessels occurs to ensure cerebral hypoperfusion during OH [28] , and Indelicato et al. [29] have suggested that such adaptations of autoregulation to chronic OH may be directly related to increased susceptibility to hypertensive peaks. Associations between blood pressure abnormalities, as assessed by ABPM, and CMBs have been found in other patient groups. For example, the presence of CMBs is associated with daytime, nighttime, and 24-hour blood pressure levels and NH, but not with nocturnal dipping in hypertensive subjects without a history of cerebrovascular disease [24] . Nocturnal reverse dipping (blood pressure increase during nighttime) is associated with CMBs in patients with both hypertension and ischemic stroke [30] . However, CMBs were associated with neither NH nor nocturnal dipping in our study. Thus, the presence of both OH and SH in particular may be more strongly associated with CMBs than nocturnal blood pressure abnormalities in patients with PD.
Our study has some limitations. First, due to the cross-sectional design of the study, we were unable to make causal inferences. In addition, the number of patients with CMBs was small in the present study, which could weaken the statistical power. Indeed, the prevalence of CMBs in our present study (10.2%) was lower than that in other and our previous studies [14, 15] (approximately 17%), which might be explained by a difference in age. Second, whether the risk of CMBs in patients with PD is greater than that of age-matched healthy controls was not determined. Further studies are needed to determine whether the association between orthostatic blood pressure abnormalities and CMBs is specific to patients with PD or if it also applies to non-PD individuals. Third, 24-h blood pressure monitoring and hospitalization may interfere with quality of sleep and affect the accuracy of the nighttime blood pressure measurements. Data on sleep quality during hospitalization was not obtained in our study. Another limitation is the possible influence of medications on blood pressure abnormalities. Namely, OH may be associated with antihypertensive and anti-Parkinson drugs. Our study showed that the frequency of diuretic use was significantly higher in patients with OH than in those without OH. Thus, diuretic use might be associated with the occurrence of OH in our patients. Meanwhile, anti-hypotensive drugs are widely used in patients with OH and may cause SH. However, the prevalence of anti-hypotensive use was not different in patients with and without SH. Thus, SH was not merely the result of anti-hypotensive treatment in patients with OH. SH is frequently found in patients with PD with OH; Umehara et al. reported that 55% of patients with OH had SH [31] . In our study, the prevalence of SH was 26.7% in patients with OH. This difference may be related to the lower prevalence of hypertension and the lower age of patients in our study than in theirs, which was associated with the prevalence of SH [31] . Although the mechanisms of co-occurrence of OH and SH in PD remain poorly understood, baroreflex failure and abnormal natriuresis may be implicated [32] .
Conclusion
Our results suggest the importance of coexisting OH and SH in cerebrovascular injury in patients with PD. Myriad episodes of cerebral hypo-and hyperperfusion related to OH and SH may contribute to CMBs in deep or infratentorial regions. Future studies should be carried out to address whether modifying blood pressure abnormalities is beneficial in preventing such lesions.
